INTRODUCTION
============

Leprosy is a chronic infectious disease caused by the *Mycobacterium leprae* bacillus^[@B1]^ . This disease is characterized by dermatological and neurological effects and, although curable and despite the efforts made by government agencies in recent years through public policies, leprosy still represents a major problem for public health worldwide and in Brazil^[@B2]\ ,\ [@B3]^ . This bacterium presents high infectivity and low pathogenicity, since it can infect large numbers of individuals, but very few grow sick^[@B2]^ .

Leprosy transmission occurs via the prolonged and intimate contact between susceptible or genetically predisposed individuals; untreated multibacillary patients; inhalation of microorganisms eliminated by superior airways; and to a lesser extent, direct contact. The nasal mucosa is the bacillus' main entrance way^[@B2]\ ,\ [@B4]^ . The best form of prevention and control of leprosy is through the detection and diagnosis of the infection, screening of family members, and early treatment^[@B5]^ .

*Mycobacterium leprae* infection still present high levels in many regions. In 2015, 210,758 leprosy cases were reported worldwide, and 136 countries reported cases of this infection^[@B3]^ . Of the total cases, 60.0% occurred in India (127,326), 13.0% in Brazil (26,395), and 8.0% in Indonesia (17,202). Thus, these countries comprised 81.0% of the new cases reported worldwide^[@B3]^ . The American continent has the second largest rate of cases globally. In 2015, 28,806 cases were reported in the Americas (13.0% of total cases). Of these cases, almost all were reported in Brazil (26,395; 91.6%), making it the country with the highest concentration of leprosy cases in the Americas^[@B3]^ .

In Brazil, leprosy still presents high morbidity and magnitude, causing disabilities and deformities which lead to further impairments in the clinical outcome due to the social stigma, loss of productivity and high costs for health services^[@B3]\ ,\ [@B6]^ . In 2015, Brazil presented a general detection coefficient, a detection coefficient for people under 15 years old, and the detection coefficient with grade 2 disability of 14.06 cases, 4.28 cases and 0.91 cases/100 thousand inhabitants, respectively. Moreover, a 78.23% ratio of examined contacts, and a proportion of healing of 83.44%. Macro-region analyses found the highest detection coefficient for the general population in the Northern region (29.59/100 thousand inhabitants), and the lowest in the Southern region (3.49/100 thousand inhabitants) in 2015^[@B7]^ .

Three states have the highest detection coefficients in the general population of Brazil: Mato Grosso, Tocantins and Maranhão^[@B7]^ . In particular, 3,540 new cases were detected in Maranhão in 2015, corresponding to 13.40% of the cases in Brazil^[@B8]^ . In absolute numbers, Maranhão recorded more cases than eight of the 14 countries of the world with the highest rates of the disease. The detection coefficient in Maranhão was 51.27/100 thousand inhabitants in 2015^[@B8]^ . In the population under 15 years old, 375 cases were reported in 2015, representing a 17.5/100 thousand inhabitants detection rate. According to the standards set by the Brazilian Ministry of Health, Maranhão is considered hyperendemic place for leprosy in both indicators^[@B8]^ . The analyses of the indicators show that this state must be prioritized in the reduction of the burden of leprosy in Brazil.

Epidemiological indicators related to leprosy -- such as the detection coefficient in the general population and in people under 15 years old, the ratio of new cases with grade 2 disability in the diagnosis, the ratio of contacts examined and the proportion of healing -- allow the reach of the goal set by the World Health Organization (WHO) to be monitored, which is to reduce the burden of leprosy globally and locally^[@B9]^ . The systematic analysis of these indicators enables the evaluation of geographical and temporal variations of leprosy, contributing to the prevention and subsidizing the planning, administration and analysis of leprosy control interventions and policies, especially in Brazilian states with high leprosy rates, like Maranhão. In addition, there is a deficit of studies that evaluated the behavior, magnitude and trend of leprosy in Maranhão, which can subsidize the intensification of control actions of this infection^[@B10]^ . Given this context, this study sought to analyze the temporal trend of leprosy indicators in a hyperendemic state of Brazil, between 2001--2015.

METHODS
=======

Study Design and Area
---------------------

This is a time-series ecological study^[@B11]^ , using data from the Brazilian National System of Reportable Diseases ( *Sistema de Informação de Agravos de Notificação* -- SINAN) of the state of Maranhão, from 2001 to 2015. Maranhão is located in the extreme northwest of the Northeastern region of Brazil, with a population of around 6,954,036 inhabitants (Brazilian Institute of Geography and Statistics, 2016). The state presents a 21 inhabitants/km^[@B2]^ demographic density and a R\$7,852.71 per capita gross domestic product in 2011. The state's area is 331,937,450 km^[@B2]^ , being divided into 217 municipalities, which are organized into 19 health regions. Maranhão is the second largest state in the Northeastern region and the eighth largest state of Brazil. Its capital São Luís is the most populous city in the state. About 24.3% of the population living in extreme poverty situation, thus occupying the 26^th^ position in the ranking of the Human Development Index (HDI) among Brazilian states, being the second worst. Furthermore, 64.5% of the municipalities of Maranhão present low HDI, where part of the population lives in vulnerability conditions.

Regarding the characterization of access and care from health services, by the end of 2015, the coverage of primary health care in the state was 85.9%, and 83.7% in the Family Health Strategy. In Maranhão, 1,006 basic health units (BHU) were enabled for fully providing leprosy care in 2015, i.e., those health units were capable of diagnosing and treating leprosy and conducting intra-household monitoring. This number corresponds to 62.5% of the total number of BHU registered in the state of Maranhão. Regarding reporting units by SINAN, there were 1,012 units, corresponding to 62.8% of the state total in the same period. Maranhão has two specialized units for the treatment of leprosy classified as grade 2, and one for grade 3, which perform preventive and corrective surgeries. These units are in the state capital.

Data Source and Variables
-------------------------

This study analyzed the time-series of leprosy indicators of Maranhão, stratified by the 19 health regions in the period from 2001 to 2015, aiming to viewing the trend of leprosy and the monitoring of the state's epidemiological and operational indicators. The data for the estimation of indicators were obtained from the SINAN database and population data from the Brazilian Institute of Geography and Statistics ( *Instituto Brasileiro de Geografia e Estatistica* -- IBGE). Data from SINAN originate from compulsory notifications records, which consist of standardized forms with socio-demographic and clinical information, filled by health professionals^[@B10]^ .

The interest variables analyzed in this study were the indicators that represent the burden of morbidity and the magnitude of leprosy (leprosy detection rate in the general population and in people under 15 years old) and the quality of care services and prevention actions provided to patients (rate of intra-household contacts of new leprosy cases examined, the rate of cases with grade 2 in diagnosis and cure rate)^[@B12]^ .

Following the recommendations of the Ministry of Saúde^[@B12]^ , the following indicators were calculated for Maranhão:

\(i\) Detection coefficient of new leprosy cases (per 100,000 inhabitants):

Numerator: Number of new leprosy cases in residents.

Denominator: Total resident population in the established period.

Multiplication factor: 100 thousand.

The evaluation of this indicator enables the analysis of geographical and temporal variations in the distribution of new cases diagnosed, contributes to the prevention of infection and subsidizes the administration and analysis of public policies of leprosy control.

\(ii\) Detection coefficient in individuals under 15 years of age (per 100 thousand inhabitants):

Numerator: Number of new cases of leprosy in individuals under 15 years old.

Denominator: Resident population from zero to 14 years in the established period.

Multiplication factor: 100 thousand.

The detection coefficient among those under 15 years measures the strength of recent transmission of the endemic disease and its tendency.

\(iii\) Rate of leprosy cases with grade 2 disability at the time of diagnosis:

Numerator: Number of new confirmed cases of leprosy with grade 2 physical disability in residents.

Denominator: New cases with a degree of disability assessed, residents in the same place and time.

Multiplication factor: 100.

This indicator allows the evaluation of the effectiveness of the actions on the timely or early detection of leprosy cases.

\(iv\) Ratio of contacts examined:

Numerator: Number of contacts examined regarding new cases among residents during the cohort years.

Denominator: Total number of registered contacts related to new leprosy cases.

Multiplication factor: 100.

This indicator examines the capacity of health services in monitoring intra-household contacts of new leprosy cases, allowing the timely detection and the increase in the detection rate of infections.

\(v\) Proportion of healing in the cohort period

Numerator: New paucibacillary and multibacillary cases cured in the cohort years.

Denominator: New paucibacillary and multibacillary cases in the cohort years.

Multiplication factor: 100.

This indicator allows viewing the measures adopted to conduct the treatment in the planned period, measuring the quality of care offered to patients with leprosy.

Statistical Analysis
--------------------

Data were analyzed with the statistical program SPSS version 14.0. To describe the studied population, descriptive analysis was performed for all variables. Thus, the reported cases of leprosy were described by absolute and relative frequency by sex, age group, clinical form, operational classification and grade of disability.

The Prais-Winsten linear regression model was used for the time trend analysis^[@B13]^ . Initially, the logarithmic transformation of natural indicators was performed, which can reduce the heterogeneity of variance of the residuals from regression analysis. Following, the regression analysis was performed, considering the dependent variables "Y", the analyzed indicators and the independent variable "x", corresponding to the year of the study.

Thus, the linear regression equation can be described as:

Log(Y~t~) = β~0~ + β~1~x, where:

β~0~ is the constant or intercept;

Log(Yt), matches the value;

β~1~ is the linear trend coefficient;

*x* is the residual term.

After calculating the β coefficient and standard error (SE) in the regression analysis, the annual percentage variation and its 95% confidence interval (95%CI) were calculated using the following formulae:
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Trends were thus considered as upward, downward or stationary. The results were considered statistically significant when p \< 0.05.

RESULTS
=======

Descriptive Analysis of Cases
-----------------------------

In the period from 2001 to 2015, 77,679 new leprosy cases were recorded in the state of Maranhão. Regarding the characteristics of the cases, most patients were male (57.7%) and had multibacillary operational classification (63.7%). Regarding the age groups, 9.8%, 35.8%, 42.1% and 12.3% of the cases occurred in individuals aged \< 15 years, 15--34 years, 35--64 years and ≥ 65 years, respectively. Of the total cases, 19.2% and 6.3% presented grade 1 and 2 disability, respectively, at the time of diagnosis. The rate of cases in which disability grade was not assessed was 16.8%.

Time Trends
-----------

### General detection rate

The detection rate of leprosy in the general population of the state of Maranhão decreased from 88.9 cases/100 thousand inhabitants in 2001 to 64.61 cases/100 thousand inhabitants in 2015, showing a 27.32% (95%CI -27.49-- -27.16%) decrease. The highest rate recorded during the period was observed in 2005 (103.57/100 thousand inhabitants). The [Figure](#f01){ref-type="fig"} shows the ranking of the magnitude of the detection rate in the general population by health region between 2001 and 2015. There were differences in the distribution profile of rates among the regions. The Açailândia region presented a striking decrease, from the first position in 2001 to 13^th^ in 2015. The five regions with the largest percentage reduction in general detection rate were: Açailândia (-71.76%), Timon (-51.37%), Barra do Corda (-46.97%), Zé Doca (-46.84%) and Itapecuru Mirim (-44.87%). The Codó region presented a critical increase, moving from the 13^th^ position in 2001 for the second in 2015, an 50.91% increase. São Luís went from the 11^th^ position in 2001 for the sixth in 2015, a 7.51% increase.

FigureRanking of general detection rate (A) and in individuals under 15 years (B) by health region of Maranhão between 2001 and 2015. Red lines indicate increase in the ranking; black lines, maintenance; and blue lines, decrease.

[Table 1](#t1){ref-type="table"} shows the trend analysis of the analyzed indicators by health region. Maranhão presented a significant downward trend in the annual percentage variation (APV): -3.5% (95%CI -4.82-- -2.15). Results stratified by health region also showed downward trend for the general detection rate in 11 (63.15%) health regions: Açailândia, Bacabal, Barra do Corda, Chapadinha, Imperatriz, Itapecuru Mirim, Pedreiras, Presidente Dutra, Santa Inês, Timon and Zé Doca. The other regions showed stability trend of this indicator (p \> 0.05) ( [Table 1](#t1){ref-type="table"} ).

Table 1Trend of the general detection rate of leprosy (per 100 thousand inhabitants) by health region of Maranhão, Northeastern Brazil, 2001--2015.RegionGeneral detection rateβ (95%CI)R^2^pMean annual variation (95%CI)TrendAçailândia-0.036 (-0.042-- -0.030)0.964\< 0.001-9.46 (-10.85-- -8.05)↓Bacabal-0.023 (-0.031-- -0.014)0.847\< 0.001-6.12 (-8.24-- -3.96)↓Balsas0.003 (-0.002--0.008)0.2140.2340.89 (-0.63--2.44)−Barra do Corda-0.019 (-0.032-- -0.007)0.5190.005-5.18 (-8.35-- -1.89)↓Caxias0.0005 (-0.005--0.006)0.8510.8310.14 (-1.20--1.50)−Chapadinha-0.011 (-0.016-- -0.008)0.822\< 0.001-3.16 (-4.23-- -2.08)↓Codó0.008 (-0.003--0.0205)-0.1262.42 (-0.73--5.67)−Imperatriz-0.030 (-0.037-- -0.023)0.936\< 0.001-7.92 (-9.54-- -6.27)↓Itapecuru Mirim-0.024 (-0.037-- -0.011)0.7770.001-6.33 (-9.64-- -3.13)↓Pedreiras-0.011 (-0.016-- -0.006)0.742\< 0.001-3.15 (-4.48-- -1.81)↓Pinheiros-0.002 (-0.015--0.014)0.2690.681-0.68 (-4.08--2.83)−Presidente Dutra-0.007 (-0.013-- -0.0004)0.5350.039-1.90 (-3.62-- -0.14)↓Rosário0.007 (-0.004--0.018)0.2330.1851.95 (-1.00--4.99)−Santa Inês-0.013 (-0.025-- -0.0009)0.7690.037-3.51 (-6.31-- -0.64)↓São João dos Patos-0.002 (-0.013--0.008)0.0700.580-0.78 (-3.66--2.19)−São Luís-0.002 (-0.007--0.007)0.9530.953-0.06 (-2.02--1.95)−Timon-0.022 (-0.032-- -0.011)0.5080.001-5.80 (-8.38-- -3.15)↓Viana-0.008 (-0.023--0.006)0.6640.2472.27 (-6.13--1.75)−Zé Doca-0.020 (-0.026-- -0.014)0.964\< 0.001-5.41 (-6.95-- -3.84)↓Maranhão-0.013 (-0.018-- -0.007)0.977\< 0.001-3.49 (-4.82-- -2.15)↓[^3]

### Detection rate in individuals under 15 years old

Between 2001 and 2015, 7,599 leprosy cases were recorded in individuals under 15 years old in the state of Maranhão. The coefficient decreased from 24.9 cases/100 thousand inhabitants in 2001 to 19.9 cases/100 thousand inhabitants in 2015, showing a 20.1% (95%CI -20.96-- -19.20) decrease. The [Figure](#f01){ref-type="fig"} shows the ranking of the detection rate in individuals under 15 years old by health region between 2001 and 2015. Açailândia dropped from the first place in 2001 to sixth place in 2015. The five regions with the largest percentage reduction in the detection rate in individuals under 15 years old were: Timon (-85.15%), Açailândia (-66.25%), Imperatriz (-56.61%), Bacabal (-52.68%) and Itapecuru Mirim (-52.68%). Again, Codó went from the 13^th^ position in 2001 to the second in 2015, a 116.3% increase. The Santa Inés region presented a striking rise, going from the seventh to the first position, a 43.50% increase. Moreover, Rosário presented a 164.19% increase in the detection rate. São Luís went from the ninth position in 2001 for the third in 2015, a 13.90% increase.

The state of Maranhão presented a significant downward trend in detection rate in individuals under 15 years old (APV = -3.60%; 95%CI -5.72-- -1.43). Considering all regions, eight (42.1%) showed downward trend for this indicator: Açailândia, Bacabal, Barra do Corda, Chapadinha, Imperatriz, Itapecuru Mirim, Pedreiras, São João dos Patos and Timon; no region presented upward trend for this indicator; the other regions presented stability trend (p \> 0.05) ( [Table 2](#t2){ref-type="table"} ).

Table 2Trend in the detection rate of leprosy in individuals under 15 years old (per 100 thousand inhabitants) by health region of Maranhão, Northeastern Brazil, 2001--2015.RegionDetection rate in individuals \< 15 years oldβ (95%CI)R^2^pMean annual variation (95%CI)TrendAçailândia-0.026 (-0.050-- -0.002)0.6070.036-6.85 (-12.70-- -0.62)↓Bacabal-0.028 (-0.036-- -0.020)0.843\< 0.001-7.46 (-9.50-- -5.37)↓Balsas-0.007 (-0.015--0.001)0.8270.088-1.94 (-4.14--0.30)−Barra do Corda-0.029 (-0.056-- -0.004)0.2660.029-7.79 (-14.04-- -1.08)↓Caxias-0.002 (-0.014--0.009)0.7750.683-0.62 (-3.71--2.57)−Chapadinha-0.030 (-0.052-- -0.009)0.4080.010-7.92 (-13.12-- -2.40)↓Codó0.012 (-0.006--0.030)0.2500.1803.34 (-1.64--8.58)−Imperatriz-0.040 (-0.055-- -0.026)0.796\< 0.001-10.49 (-13.88-- -6.97)↓Itapecuru Mirim-0.031 (-0.047-- -0.015)0.5260.001-8.25 (-12.14-- -4.19)↓Pedreiras-0.021 (-0.035-- -0.007)0.5880.006-5.67 (-9.18-- -2.03)↓Pinheiros-0.010 (-0.025--0.004)0.1400.158-2.75 (-6.53--1.19)−Presidente Dutra-0.013 (-0.031--0.004)0.1340.124-3.66 (-8.21--1.12)−Rosário0.013 (-0.013--0.040)-0.3053.70 (-3.56--11.50)−Santa Inês-0.013 (-0.029--0.002)0.3750.086-3.65 (-7.68--0.54)−São João dos Patos-0.014 (-0.029-- -0.0009)0.2150.038-3.98 (-7.51-- -0.31)↓São Luís0.002 (-0.011--0.015)0.6890.7460.55 (-2.92--4.14)−Timon-0.032 (-0.58-- -0.007)0.5270.016-8.44 (-14.47-- -1.98)↓Viana-0.003 (-0.019--0.012)0.0840.638-0.97 (-5.15--3.39)−Zé Doca-0.014 (-0.035--0.007)0.5040.166-3.78 (-9.01--1.76)−Maranhão-0.013 (-0.021-- -0.005)0.8940.004-3.60 (-5.72-- -1.43)↓[^4]

### Rate of grade 2 physical disability

The state of Maranhão presented a significant upward trend in the rate of grade 2 disability (APV = 2.19%; 95%CI 0.23--4.19). Only three regions presented an upward trend of stability for this indicator (15.78%): Balsas, Santa Inês and São Luís. Almost all regions (16/82, 20%) presented a trend of stability for this indicator (p \> 0.05) ( [Table 3](#t3){ref-type="table"} ).

Table 3Trend of the indicator rate of cases with grade 2 disabilities by health region of Maranhão, Northeastern Brazil, 2001--2015.RegionRate of cases with grade 2 disabilityβ (95%CI)R^2^pMean annual variation (95%CI)TrendAçailândia0.018 (-0.007--0.437)0.1740.1395.12 (-1.75--12.47)−Bacabal0.027 (0.012--0.041)0.4240.0017.59 (3.54--11.80)↑Balsas0.018 (-0.039--0.076)0.2350.5065.08 (-9.95--22.61)−Barra do Corda0.004 (-0.025--0.335)0.0770.7741.09 (-6.59--9.41)−Caxias-0.004 (-0.018--0.011)0.1430.597-1.00 (-4.86--3.01)−Chapadinha-0.009 (-0.009-- -0.027)0.2510.2902.55 (-2.32--7.67)−Codó-0.014 (-0.036--0.007)0.2620.171-3.87 (-9.30--1.88)−Imperatriz0.008 (-0.002--0.018)0.2840.0972.23 (-0.42--4.95)−Itapecuru Mirim0.012 (-0.003--0.027)0.3720.1083.39 (-0.78--7.74)−Pedreiras-0.003 (-0.028--0.022)0.3280.814-0.77 (-7.35--6.27)−Pinheiros-0.019 (-0.042--0.002)0.2000.073-5.26 (-10.69--0.50)−Presidente Dutra-0.0002 (-0.013--0.012)0.3750.963-0.08 (-3.46--3.43)−Rosário-0.016 (-0.045--0.014)0.0740.282-4.17 (-11.61--3.90)−Santa Inês0.026 (0.005--0.047)0.4560.0167.43 (1.65--13.53)↑São João dos Patos-0.008 (-0.048--0.031)0.2690.654-2.26 (-12.11--8.70)−São Luís0.012 (0.005--0.018)0.5930.0023.31 (1.52--5.13)↑Timon0.002 (-0.063--0.066)-0.9570.45 (-15.54--19.47)−Viana0.008 (-0.024--0.403)0.1030.5972.22 (-6.22--11.41)−Zé Doca-0.010 (-0.028--0.007)0.0750.211-2.84 (-7.27--1.80)−Maranhão0.008 (0.0007--0.015)0.7210.0332.19 (0.23--4.19)↑[^5]

### Rate of contacts examined

During the analysis period, Maranhão showed an upward trend in the rate of contacts examined (APV = 2.8%; 95%CI 0.75--4.83). Among all regions, 14 (73.68%) presented stationary trend (p \> 0.05). The study found an upward trend in the rate of contacts examined in only four (21.05%) health regions: Açailândia, Codó, Imperatriz and Pedreiras. Balsas presented a downward trend for this indicator ( [Table 4](#t4){ref-type="table"} ).

Table 4Trend of the rate of contacts examined by health region of Maranhão, Northeastern Brazil, 2001--2015.RegionRatio of contacts examinedβ (95%CI)R^2^pMean annual variation (95%CI)TrendAçailândia0.028 (0.013--0.042)0.7680.0017.89 (3.73--12.22)↑Bacabal0.016 (-0.035--0.068)0.6520.5114.51 (-9.05--20.10)−Balsas-0.012 (-0.023-- -0.002)0.9160.026-3.44 (-6.22-- -0.57)↓Barra do Corda-0.0034 (-0.016--0.009)0.9000.545-0.94 (-4.10--2.32)−Caxias-0.001 (-0.016--0.012)0.9360.780-0.50 (-4.14--3.27)−Chapadinha0.003 (-0.024--0.029)0.7890.8820.77 (-6.14--8.18)−Codó0.019 (0.095--0.021)0.9370.0085.32 (1.68--9.08)↑Imperatriz0.010 (0.0009--0.019)0.9010.0342.82 (0.29--5.42)↑Itapecuru Mirim0.014 (-0.007--0.037)0.3950.1704.12 (-1.87--10.49)−Pedreiras0.017 (0.002--0.032)0.5430.0294.79 (0.64-- 9.11)↑Pinheiros0.0009 (-0.029--0.031)0.4910.9470.26 (-7.63--8.83)−Presidente Dutra0.003 (-0.015--0.020)0.9230.7390.77 (-3.96--5.73)−Rosário-0.002 (-0.023--0.019)0.6650.837-0.57 (-6.18--5.38)−Santa Inês0.029 (-0.006--0.065)-0.1018.24 (-1.63--19.11)−São João dos Patos0.003 (-0.020--0.279)0.4380.7481.00 (-5.33--7.76)−São Luís0.002 (-0.012--0.017)-0.7100.72 (-3.25--4.86)−Timon0.020 (-0.019--0.060)0.7180.2895.66 (-4.94--17.43)−Viana0.010 (-0.005--0.026)0.8790.1782.87 (-1.38--7.31)−Zé Doca-0.002 (-0.027--0.023)0.8710.847-0.63 (-7.19--6.40)−Maranhão0.010 (0.002--0.017)0.9690.0122.77 (0.75--4.83)↑[^6]

### Proportion of healing

Maranhão presented a stationary trend in the proportion of healing of leprosy during the analyzed period (VPA = -0.12%; 95%CI -0.58--0.34). Fourteen (73.7%) health regions presented stability trend (p \< 0.05) in the proportion of healing between 2001 and 2015. Balsas, Imperatriz and Pedreiras presented upward trend, and Itapecuru Mirim and Pinheiros presented downward trend ( [Table 5](#t5){ref-type="table"} ).

Table 5Trend of the indicator proportion of healing by health region of Maranhão, Northeastern Brazil, 2001--2015.RegionCure rateβ (95%CI)R^2^pMean annual variation (95%CI)TrendAçailândia-0.0003 (-0.004--0.005)0.9960.8940.63 (0.31--0.94)−Bacabal0.001 (-0.004--0.006)0.9880.6410.33 (-1.15--1.83)−Balsas0.002 (0.001--0.003)0.9740.0010.63 (0.31--0.94)↑Barra do Corda0.002 (-0.002--0.006)0.9820.3350.48 (-0.40--1.36)−Caxias-0.0004 (-0.002--0.001)0.9790.548-0.12 (-0.54--0.31)−Chapadinha0.002 (-0.0009--0.005)-0.1570.59 (-0.35--1.54)−Codó-0.0007 (-0.004--0.002)0.9940.605-0.19 (-0.77--0.39)−Imperatriz0.001 (0.0002--0.003)0.9890.0240.38 (0.10--0.66)↑Itapecuru Mirim-0.002 (-0.003-- -0.001)0.984\< 0.001-0.52 (-0.75-- -0.29)↓Pedreiras0.004 (0.002--0.006)0.9920.0011.10 (0.41--1.80)↑Pinheiros-0.006 (-0.008-- -0.004)0.998\< 0.001-1.68 (-2.22-- -1.14)↓Presidente Dutra-0.0006 (-0.003--0.002)0.9060.682-0.15 (-0.88--0.47)−Rosário0.0006 (-0.005--0.006)-0.8130.18 (-1.24--1.61)−Santa Inês0.0001 (-0.003--0.003)0.9960.8930.05 (-0.40--0.50)−São João dos Patos-0.0009 (-0.005--0.003)0.9560.664-0.26 (-1.38--0.87)−São Luís-0.003 (-0.005-- -0.0006)0.9870.018-0.88 (-1.76--0.00)−Timon0.001 (-0.0003--0.003)0.9960.1110.35 (-0.03--0.73)−Viana-0.002 (-0.007--0.002)0.7340.236-0.68 (-1.84--0.49)−Zé Doca-0.006 (-0.003--0.019)0.9970.621-0.16 (-0.82--0.51)−Maranhão-0.0004 (-0.002--0.001)0.9990.580-0.12 (-0.58--0.34)−[^7]

DISCUSSION
==========

This study sought to analyze time trends and the performance of leprosy indicators in the state of Maranhão, Northeastern Brazil. The results showed a trend of reduction of the coefficient of general detection and detection in individuals under 15 years old during the analyzed period, thus following the national trend. However, these two indicators presented diverse patterns among the different health regions. The rate of contacts examined increased in the state as a whole, but remained stable in most regions, which was a similar pattern to the indicator rate of cases with grade 2 disability at the time of diagnosis. The proportion of healing showed stability over the analyzed period in the whole state and in most health regions. Performance analysis of the indicators showed the hyperendemic character of the detection coefficient in the general population in the state and in most regions. Regarding the detection coefficient in individuals under 15 years old, a very high pattern was identified for the state and hyperendemic for most regions. In the state and most health regions, the rate of cases with grade 2 disability showed average performance; proportion of healing, regular; and rate of contacts examined, precarious.

Studies have shown downward trend for the detection rate of leprosy in the general population in Brazil and in other hyperendemic states in recent years^[@B8]\ ,\ [@B14]^ . Despite the time difference with this study, when analyzing the detection coefficient of leprosy disease in the general population of Brazil between 1980 and 2006, Penna et al.^[@B15]^ identified a downward trend for this indicator from 2003 onwards (p \< 0.001). In Fortaleza (Ceará, Northeastern region of Brazil), a study showed downward trend for the general detection rate, with -4.0% APV (95%CI -5.6-- -2.3)^[@B8]^ . In the state of Tocantins (Northern region), Monteiro et al.^[@B16]^ found a downward trend for the general detection coefficient between 2001 and 2012 (p = 0.025). An ecological study in municipalities with high risk for leprosy transmission of the states of Mato Grosso (Midwest region), Tocantins, Rondônia, Pará (Northern region) and Maranhão (Northeastern region), observed reduction in the incidence rate from 89.10 to 56.98 per 100 thousand inhabitants between 2001 and 2012, with -4.2% APV (95%CI -5.9-- -2.4)^[@B14]^ . The results of this study also showed a downward trend for the general detection coefficient, suggesting a decrease in strength of leprosy in Maranhão^[@B8]^ . However, the state still presents a hyperendemic pattern, a severe public health problem. Moreover, we found significant differences in the detection coefficient in the general population among health regions. Of the 19 regions of the Maranhão, most (n = 11) presented downward trend for the general coefficient, four stability trends and no downward trend of this indicator. The health regions that presented the highest downward trends for this coefficient were Açailândia and Imperatriz.

To consider the strength of morbidity, represented by the magnitude and trend of leprosy found in the population of children and adolescents, is crucial for the planning of infection control actions^[@B17]^ . The detection of new cases in individuals under 15 years suggests successive transmission, persistence or active circulation of *Mycobacterium leprae* , and the lack of effective control measures for leprosy^[@B18]\ ,\ [@B19]^ . For this indicator, this study showed a stationary trend in most health regions and downward trend in eight of them, corroborating another study in Brazil^[@B18]^ . However, this indicator remains very high in Maranhão and hyperendemic in almost all regions, indicating the need for increasing control measures among this population.

The differences between the results of the indicators mentioned in health regions suggest the need for the assessment of economic and risk factors, and of the actions in each health region; thus, seeking to reduce the burden of leprosy in Maranhão. This will allow the discrepancies in the results found to be better explained and could contribute to the intensification of control and prevention actions that consider regional particularities.

The downward trend of the detection coefficient indicators in the general population and in individuals under 15 years possibly reflects the intensification of leprosy control actions in Maranhão in recent years. Among the actions, we can highlight the expansion of multidrug therapy (MDT) for diagnosed patients, early detection of new cases, *Bacillus Calmette-Guerin* (BCG) vaccination of patients' contacts, training of health professionals by seeking to improve the decentralization of the leprosy control program, active search campaigns in schools, and monitoring and support to innovative actions in the municipalities with the highest infection burden levels. For example, between 2002 and 2016, 5,040 health professionals received training. Detection campaigns conducted in schools were held in 77 (35.4%) municipalities in 2013 and in 162 (74.6%) in 2016, a 47.5% growth. During this period, 203,329 students were examined, and 192 cases were detected in individuals under 15 years in Maranhão. The state has also been supporting the priority municipalities with innovative actions such as actively searching new cases of leprosy and searching intra- and extra-household contacts of cases diagnosed in the last three or five years. Moreover, monitoring visits were expanded to the municipalities and the campaigns and joint efforts were spread across the state. In 2016, the population underwent 10,203 consultations in 71 municipalities, with 271 cases diagnosed. In 2017, the numbers were 13,849 consultations, 1,032 suspected and 168 new cases detected in 64 municipalities.

The risk of a healthy individual contracting leprosy increases ninefold with prolonged contact at home^[@B20]\ ,\ [@B21]^ . Therefore, conducting examinations of intra-household contacts of all new diagnosed cases is crucial for the prevention and control of leprosy, as it allows the early diagnosis and contributes to the prevention of subsequent deformities and disabilities^[@B18]\ ,\ [@B20]\ ,\ [@B22]^ . In Brazil, Decree 3,125 from October 27, 2010, of the Ministry of Health considers as intra-household contact any individual who lives or used to live with an individual diagnosed with leprosy in the past five years^[@B23]^ . In recent years, the Ministry of Health reworked the concept and began to consider household contact as any individual who lives or used to live with a leprosy patient, and social contact as any individual who has contact or used to have contact in a close and prolonged manner, regardless of being a family relationship or not^[@B12]^ . Social contacts such as neighbors, work or school colleagues, must be investigated according to the degree and type of contact (i.e., if they had very close and prolonged contact with the untreated patient). However, the evaluation focus must be on patient's relatives contacts (parents, siblings, grandparents, uncles and aunts, among others), or other individuals with prolonged contact^[@B12]^ . Regarding the ratio of examined contacts indicator, most regions presented stationary trend, and only four showed an upward trend. Balsas presented a downward trend for this indicator ( [Table 4](#t4){ref-type="table"} ). Stationary or upward trends of this indicator imply improvements in actions and activities of epidemiological monitoring^[@B17]^ . Therefore, these results show the need for further efforts in all health regions of Maranhão to increase the rate of examined contacts, consequently improving this indicator in the state.

The most effective way to prevent the physical disabilities arising from the leprosy is the early diagnosis combined with the treatment of the disease and its reactions^[@B24]\ ,\ [@B25]^ . The WHO estimates that the diagnosis and early treatment of leprosy infections led to the prevention of physical disability in approximately four million people worldwide^[@B24]^ . In this study, we observed an upward trend in the rate of grade 2 disability at the time of diagnosis in Maranhão, and most regions presented stability trends; thus, corroborating other studies conducted in Brazil^[@B8]\ ,\ [@B14]^ . Only three regions showed upward trend for this indicator. The stationary trend in the rate of grade 2 physical disability indicates the late diagnosis of cases and failures in preventing physical disabilities^[@B8]\ ,\ [@B14]^ . Similarly, the upward trend in some health regions indicates late identification, contributing to the persistence of hidden prevalence (undiagnosed cases) and the consequent increase of transmissibility^[@B26]^ . On the other hand, a stationary trend or increase in this indicator may suggest improvements in the evaluation of disabilities by health professionals. Given this context, increasing the control and intensifying prevention strategies of grade 2 disability of leprosy are required for reducing the disease burden in the state^[@B14]^ . Mass campaigns for the diagnosis of leprosy must be intensified in all health regions of Maranhão, integrating them with other health programs for disease control, and establishing the decrease in the grade of disability at the time of the diagnosis as the objective^[@B27]^ .

The effectiveness of leprosy treatment is evaluated by the proportion of healing of the patients in the years of the cohort^[@B12]^ . It corresponds to an indicator for evaluating the quality of patient care and operation of the leprosy control program^[@B23]^ . Since 1985, the multidrug therapy (MDT) against leprosy has been made available free of charge worldwide, which significantly reduced the disease's burden^[@B24]\ ,\ [@B28]^ . Leprosy therapy, in Brazil, is conducted in an outpatient manner, using standardized therapeutic schemes according to the operational classification of the infection. The results found in this study show a stationary trend for the proportion of healing in Maranhão and most of its regions, in addition to an upward trend in three regions, suggesting the efficacy of MDT. However, two regions (Itapecuru Mirim and Pinheiros) showed downward trend for this indicator. This finding suggests the need for reorganization of the care services for leprosy patients in these regions, seeking to reduce the abandonment of therapy and ensure discharge for cure.

Our study presents some limitations. First, we used secondary data for the analysis, which suffer bias in the quality and quantity of information^[@B16]^ . Thus, underreporting of cases during the analyzed period may have occurred due to the lack of completion of notification forms or errors during while transferring the information^[@B29]^ . Nevertheless, this study showed the epidemiological scenario of the leprosy indicators in Maranhão. Moreover, we made advances when compared to previous studies, since we analyzed the trends and the performance of the indicators by health region of the state. These analyses allow a study focused on regionalities of Maranhão. Studies conducted in other states of Brazil did not analyze the trend by region, failing to obtain important data to subsidize specific control actions.

In conclusion, despite the reduction of detection coefficients in the general population and in individuals under 15 years old in Maranhão, these indicators remain high in many regions, which still assigns the state a hyperendemic character for this infection. The rate of grade 2 physical disability at the time of diagnosis is also high in almost all regions. The results of this study suggest the need for the intensification of efforts and actions to eliminate this disease, especially in regions with high magnitude for leprosy. Our results also suggest the expansion of leprosy control measures in the state, including the increase in the rate of contacts examined, the promotion of the early detection of leprosy cases through active search and detection campaigns of cases in schools and vulnerable regions, ensuring the onset and adherence to treatment to increase the proportion of healing and decrease of transmissibility rates, improvements in the prevention of physical disabilities, among others. Finally, subsequent studies must be conducted to verify the quality of leprosy control actions in the regions to better understand the regional differences of indicators.
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